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(NORIMICHI $\mathrm{H}\mathrm{I}\mathrm{R}\mathrm{A}\mathrm{N}\mathrm{O}$) $\uparrow$ . (NAOKI SHIOJI)\ddagger




non-collision $T$- $V\in C^{1}(\mathbb{R}^{\mathrm{N}}\backslash \{0\}, \mathbb{R})$
$\mathbb{R}^{\mathrm{N}}\backslash \{0\}$ $V<0$ $|x|arrow\infty$
$V(x)arrow \mathrm{O}$ $V’(x)arrow 0$ $V$ strong force
[3, 6, 7, 8] strong
force 2 $\alpha$ $V(x)\approx-1/|x|^{\alpha}$
$F_{T}u= \int_{0}^{T}(\frac{1}{2}|\dot{u}(t)|2arrow V(u(t)))dt$ , $u\in\Lambda_{T}$
$F_{T}$ : $\Lambda_{\tau}arrow \mathbb{R}$ $\Lambda_{T}=\{u\in H_{1\mathrm{o}\mathrm{C}}^{1}(\mathbb{R}, \mathbb{R}\mathrm{N})$
: $u(t)\neq 0,$ $u(\cdot+T)=u(\cdot)\}$ Hilbert $H_{T}=\{u\in H_{10}^{1}(\text{ }\mathbb{R}\mathbb{R},\mathrm{N}) : u(\cdot+T)=u(\cdot)\}$




$V$ strong force $\{u_{n}\}\subset\Lambda_{T}$ $H_{T}\backslash \Lambda_{T}$
$F_{T}u_{n}arrow\infty$
[1, 2, 4, 5, 9, 10]
$V(x)\approx$ -1/
Ambrosetti-Coti Zelati [1] Giannoni [5]
[1] $V$




. $N$ 3 $V\in C^{1}(\mathbb{R}^{\mathrm{N}}\backslash \{0\}, \mathbb{R})$
$x\in \mathbb{R}^{\mathrm{N}}\backslash \{0\}$ $V(x)<0$
$|x|arrow\infty$ $V(x)arrow 0,$ $V’(x)arrow 0$
$\varlimsup_{|x|arrow 0}V(X)<0$
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$|x|\geq R$ $\frac{a}{|x|^{\alpha}}\leq-V(x)\leq\frac{b}{|x|^{\alpha}}$
$R>0,$ $\alpha>1,$ $a>0,$ $b>0$ $1<\alpha<2$
$a\delta(\alpha)>b$
$\delta(\alpha)=\frac{2^{1+\alpha}(\int_{0^{\pi/\alpha}}2|\sin s|2/\alpha ds)}{(2-\alpha)^{(2}+\alpha)/2(\pi^{2}\alpha)\alpha/2}$






$T>0$ $S_{T}^{1}=[0, T]/\{0, T\}$ $H_{\tau=}H^{1}(s_{T}1, \mathbb{R}\mathrm{N})$ $u,$ $v\in H_{T}$
$\langle u, v\rangle_{H}\tau=\int_{0}^{T}((u(t), v(t))+(\dot{u}(t),\dot{v}(t)))dt$ $H_{T}$ Hilbert
$(\cdot, \cdot)$
$\mathbb{R}^{\mathrm{N}}$
$\tilde{H}_{T}=\{u\in H_{T}$ : $\int_{0}^{T}u(t)dt=0\}$ , $\Lambda_{T}=$ { $u\in H_{T}$ : $t\in S_{T}^{1}$ $u(t)\neq 0$ }
$|x|\leq R$ $\frac{a}{R^{\alpha}}\leq-V(x)$
$\hat{V}$ : $\mathbb{R}^{\mathrm{N}}arrow \mathbb{R}\mathrm{U}\{-\infty\}$
$\hat{V}(x)=\{$
$V(x)$ $x\in \mathbb{R}^{\mathrm{N}}\backslash \{0\}$
$\varlimsup_{|y|arrow 0}V(y)$ x=0
$I_{T}$ : $H_{T}arrow \mathbb{R}\cup\{\infty\}$
$I_{T}u= \int_{0}^{T}(\frac{1}{2}|\dot{u}(t)|^{2}-\hat{V}(u(t)))dt$ , $u\in H_{T}$
$p>0$ $I_{p,T}$ : $H_{T}arrow \mathbb{R}\cup\{\infty\}$
$I_{p,T}u= \int_{0}^{T}(\frac{1}{2}|\dot{u}(t)|2+\frac{p}{|u(t)|^{\alpha}})dt$ , $u\in H_{T}$





[9, Propositions 21and 22] $c_{p}(T)$ $\overline{c}_{p}(T)$
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1. $p>0$ $T>0$
$c_{p}(T)= \frac{2+\alpha}{2\alpha}((2\pi)\alpha\alpha)\frac{2}{2+\alpha}p^{\frac{2}{2+\alpha}}\tau^{\frac{2-\alpha}{2+\alpha}}$ , $\overline{c}_{p}(\tau)=(\delta(\alpha))\frac{2}{2+\alpha}C(p\tau)$
$(b/(\delta(\alpha)a))2/(2+\alpha)<\beta<1$ $\beta$
$d(T)= \beta\overline{c}a(\tau)-\frac{4\alpha\sqrt{a}}{2-\alpha}R^{\frac{2-\alpha}{2}}$ , $T>0$
2.




$- \frac{a}{|x|^{\alpha}}$ $|x|\geq R\text{ }$
( $-\overline{R^{\alpha}}-$ $|x|\leq R$
$J_{T}u= \int_{0}^{T}(\frac{1}{2}|\dot{u}(t)|2-W(u(t)))dt$ , $u\in H_{T}$
$I_{T}\geq J_{T}$ $T$ $\min J_{T}(H_{\tau}\backslash \Lambda_{T})\geq d(T)$
[9, Proposition 22]
$e\in S^{N-1}$
$\min J_{T}(H_{T}\backslash \Lambda_{\tau})=\min_{\mathit{0}\rho\in H^{1}[\tau 0(,],\mathbb{R}+)}\int_{0}^{T}(\frac{1}{2}|\dot{\rho}(t)|^{2}-W(\rho(t)e))dt$
$\rho\in H_{0}^{1}([0, T], \mathbb{R}+)$ $J_{T}( \rho e)=\min J_{T}(H_{T}\backslash \Lambda_{T})$
$t\in[0, T]$ $\rho(t)\leq R$ $aT_{2}/R^{\alpha}\geq\overline{c}_{a}(T_{2})$ $T_{2}>0$
$T\geq T_{2}$ $\sqrt\tau(\rho e)\geq aT/R^{\alpha}\geq\overline{c}_{a}(T)>d(T)$ $\rho(t)>R$
$t\in[0, T]$ $[0, t_{0}]$
$\rho$
$[t_{1}, T]$
$\rho$ [to, $t_{1}$ ] $\rho$ $t_{0}\leq t_{1}$
to, $t_{1}\in(0, T)$ $\rho^{-1}(R)$ 2 $\rho(t)<R$
$t\in[0, T]$ $f(t)=0$ $\rho(t)>R$ $t\in[0, T]$ $f(t)=a\alpha/(\rho(t))^{\alpha+1}$
$f\in L^{\infty}([0, \infty], \mathbb{R})$
$\rho e$ $J_{T}$ $H_{T}\backslash \Lambda_{T}$
$\varphi\in C_{0}^{\infty}((\mathrm{o}, \tau),$ $\mathbb{R})$
$\rho e$ $\varphi e$ $J_{T}$
Gateaux $0$
(1) $\int_{0}^{T}\dot{\rho}(t)\dot{\varphi}(t)dl=\int_{0}^{T}f(t)\varphi(t)dt$
$\varphi\in C_{0}^{\infty}((\mathrm{o}, \tau),$ $\mathbb{R})$
$\dot{\rho}$ $(0, T)$




$E_{J}= \frac{1}{2}(\dot{\rho}(t))^{2}-\frac{a}{R^{\alpha}}$ $t\in(0, t^{*})\cup(T-t^{*}, \tau)$
$E_{J}= \frac{1}{2}(\dot{\rho}(t))^{2}-\frac{a}{(\rho(t))^{\alpha}}$ $t\in(t^{*}, T-t*)$
$t\in[0, T]$ $\rho(t)=\rho(T-t)$ $t_{0}=t_{1}=T/2$
. $t^{*}=R/\sqrt{2E_{J}+2a}/R^{\alpha}$ $\rho(t^{*})=\rho(T-t^{*})=R$
(1) $\int_{0}^{T}(\dot{\rho}(t))2dt=\int_{i^{*}}^{\tau-}t^{*}a\alpha/(\rho(t))\alpha dt$ (2) $J_{T}(\rho e)=$
$(1/2+1/ \alpha)\int_{\mathit{0}}^{\tau}\dot{\rho}^{2}dt+2at^{*}/R^{\alpha}$ $-TE_{J}=(1/ \alpha-1/2)\int_{\mathit{0}}^{\tau}\dot{\rho}^{2}dt+2at^{*}/R^{\alpha}$





$J_{T}(\rho e)=o(\tau)$ $J_{T}(\rho e)=O(T(2-\alpha)/(2+\alpha))$
$\beta=(\int_{\theta}^{\frac{\pi}{2}}(\sin S)^{\frac{2}{\alpha}}dS/\int_{0}\frac{\pi}{2}(\sin s)\frac{2}{\alpha}dS)^{2}\alpha/(2+\alpha)$
$\theta\in(0, \pi/2)$
$T\geq T_{3}$ $\sin^{-1}(R^{\alpha/2}\sqrt{-E_{J}/a})<\theta$ $T_{3}(\geq T_{2})$
$T\geq T_{3}$
$\frac{T}{2}\geq\frac{\sqrt{2}a^{1/\alpha}}{\alpha(-E_{J})^{\frac{2+\alpha}{2\alpha}}}\int_{\theta}^{\frac{\pi}{2}}(\sin s)\frac{2}{\alpha}d_{S}$
$I_{a,\tau u=} \min I_{a,\tau}(H\tau\backslash \Lambda\tau)$ $u(\mathrm{O})=u(T)=0$ $u\in H_{T}\backslash \Lambda_{T}$
$E_{I}=|\dot{u}(t)|^{2}/2-a/|u(t)|^{\alpha}$ $E_{I}$ $t\in(0, T)$
$T>0$
$\frac{T}{2}=\frac{\sqrt{2}a^{\frac{1}{\alpha}}}{\alpha(-E_{I})^{\frac{2+\alpha}{2\alpha}}}\int_{0}^{\frac{\pi}{2}}(\sin S)\frac{2}{\alpha}d_{S}$
$T\geq T_{3}$ $E_{J}/E_{I}\geq\beta$ $T\geq T_{1}$ $E_{J}\geq-a/(2R^{\alpha})$
$T_{1}(\geq T_{3})$ $I_{a,\tau u=}-(2+\alpha)/(2-\alpha)TE_{I}$ $T\geq T_{1}$
$J_{T}( \rho e)\geq-\frac{2+\alpha}{2-\alpha}TE_{I}\beta-\frac{4\alpha\sqrt{a}}{2-\alpha}R^{\frac{2-\alpha}{2}}=d(T)$
$T_{1}$ 2 $d(T_{0})>c_{b}(\tau_{\mathit{0}})$ $T_{0}(\geq T_{1})$
$T\geq T_{0}$
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$\Lambda_{T}$ $I_{T}$ Fr\’echet $u\in\Lambda_{T}$ $\nabla I_{T}u$
$v\in H_{T}$
$\langle\nabla I_{\tau u}, v\rangle_{H}\tau=\int_{0}^{T}((\dot{u}(t),\dot{v}(t))-(V’(u(t)), v(t)))dt$
$H_{T}$ $c\in \mathbb{R}$ $\nabla I_{T}u_{n}arrow 0$ $I_{T}u_{n}arrow c$ $\Lambda_{T}$
$\{u_{n}\}$ $\Lambda_{T}$ $\Lambda_{T}$ $I_{T}$ $(\mathrm{P}\mathrm{S})_{c}$
3. $0<c<d(T)$ $\Lambda_{T}$ $(\mathrm{P}\mathrm{S})_{\mathrm{c}}$
. $0<c<d(T)$ $\nabla I_{T}u_{n}arrow 0$ $I_{T}u_{n}arrow c$ $\Lambda_{T}$ $\{u_{n}\}$
$\{\int_{0}^{T}|\dot{u}_{n}|^{2}dt\}$ $H_{T}$ {u
$|\overline{u}_{n}|arrow\infty$ $\overline{u}_{n}=(1/T)\int_{0}^{T}u_{n}(t)dt$
$\langle\nabla I_{T}u_{n’ n} u-\overline{u}_{n}\rangle_{H}Tarrow 0$ $I_{T}u_{n}arrow 0$ $c>0$
$H_{T}$ $\{u_{n}\}$ $\{u_{n}\}$ $u\in H_{T}$ –
2 $I_{T}$ $u\in\Lambda_{T}$
$\langle\nabla I\tau u_{n}, u_{n}-u\rangle_{H_{T}}arrow 0$ $\int_{0}^{T}|\dot{u}_{n}-\dot{u}|^{2}dtarrow \mathrm{O}$ $H_{T}$
$\{u_{n}\}$ $u$
Bahri-Rabinowitz [3] Tanaka [10]
$\gamma\in C(S^{N2}-, \Lambda_{\tau})$
$\overline{\gamma}(_{X,t})=\frac{\gamma(X)(t)}{|\gamma(x)(t)|}$ , $(x, t)\in S^{N-2}\mathrm{x}S_{T}1$
$\overline{\gamma}$ : $S^{N-2_{\mathrm{X}}}s^{1}\tauarrow S^{N-1}$
$\Gamma_{T}=\{\gamma\in c(sN-2, \Lambda_{\tau}) : \deg^{\sim}\gamma\neq 0\}$ , . ’ $.$:
$\deg\overline{\gamma}$ -\mbox{\boldmath $\gamma$} Brouwer $\inf_{\gamma\in \mathrm{r}_{T}}\max S^{N_{\neg}2}IT(\gamma(x))x\in$
4.
$0< \inf_{\gamma\in\Gamma_{T}x\in S^{N}}\max$ IT$(\gamma(\underline{2}x))<d(T)$ .
. [3, Proposition 1.4] $0< \inf_{\gamma\in S}\mathrm{r}_{T}\max N-2I_{\tau}(x\gamma(\in X))$
– $e_{1}\in S^{N-2}$ $e_{N}\perp S^{N-2}$
$e_{1},$ $e_{N}\in S^{N-1}$
[8, Theorem 15]
$\gamma(x)(t)=$ $(_{X,t})(_{X,t)}\in S^{N-2}\mathrm{X}\in S^{N-2}\cross[T/2^{/}, \tau][0,T2]\text{ }$
$\gamma\in C(s^{N}-2, \Lambda\tau)$ $R_{T}=(b\alpha\tau^{2}/(4\pi^{2}))1/(2+\alpha)$ $\deg\gamma\sim\neq 0$
$\max_{x\in S^{N-}}2I_{\tau}(\gamma(X))\leq c_{b}(T)<d(T)$
. $c= \inf_{\gamma\in \mathrm{r}_{\tau}\max_{x}}sN-2I_{T}\in(\gamma(x))$ $c$
$u\in H_{T}$ $|I_{T}u-C|\leq 2\epsilon$ $||\nabla I_{T}U||_{H_{T}}\geq 2\epsilon$
$\epsilon\in(0, \min\{d(\tau)-c, c\}/2)$
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(i) $u\in H_{T}$ $\eta(0, u)=u$
(ii) $(s, u)\in[0,1]\cross H_{T}$ $I_{T}(\eta(s, u))\leq I_{T}u$
(iii) $\eta(1, I_{T}^{C+\epsilon})\subset I_{T}^{c-\epsilon}$
$\eta\in C([\mathrm{o}, 1]\cross H\tau, H\tau)$ $\sigma\in \mathbb{R}$ $I_{T}^{\sigma}=\{u\in H_{T}$ :
$I_{T}u\leq\sigma\}$ $\max_{x\in S^{N-}}2I\tau(\gamma(x))<C+\mathit{6}$ $\gamma\in\Gamma_{T}$ (i), (ii)
3 $\eta(1, \gamma(\cdot))\in\Gamma_{T}$ $\max_{x\in S}N-2I_{T}(\eta(1, \gamma(X)))\leq c-\epsilon$ $\circ$
$c$ $c$
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